The proportion of cells synthesising DNA (S cells) in malignant tumours of man may be estimated by tritiated thymidine (3H-TdR) autoradiography of biopsy specimens labelled in vitro (Fabrikant, 1971) .
With pretreatment material this method may be used to relate the proliferative activity of cervical tumours to clinical stage and to their response to radical radiotherapy (Tatra and Breitenecker, 1975; Dixon et al., 1977) . Autoradiography, however, is not readily adaptable to routine clinical use. In a proliferative population of normal diploid (2C) cells, each containing 46 chromosomes, the DNA content of individual nuclei will vary from 2C to 4C depending on position in the cell cycle as cells progress from Gi through S into G2. Thus it has been proposed that frequency distribution analysis of the nuclear DNA content of proliferative cells measured by Feulgen microdensitometry (Altman, 1975) or by flow cytofluorimetry (Crissman et al., 1975) may also be used to estimate the proportion of S-phase cells (Dean and Jett, 1974; Gray, 1974) . If so, the method potentially offers a quick and reliable process for routine clinical laboratory assay.
For tumours, however, the method depends on the Received for publication 9 March 1977 assumption that the malignant cell population is homogenous with respect to the basic (that is, Gi) nuclear DNA content. Though an early Feulgen microdensitometric study of cervical tumours indicated that nearly all were near 2C or near 4C with respect of their modal G1 DNA content (Atkin et al., 1960) Thus of the material subjected to microdensitometric measurement only about two-thirds (68%) exhibited a bimodal frequency distribution characteristic of a homogeneous though proliferative tumour cell population suitable for the analysis of S-phase cells. The method used for the latter purpose was a modified form of that first proposed by Mak (1965) .
For a non-dividing (Go) population-for example, the lymphocytes found within cervical tumour preparations-the DNA distribution is unimodal (Fig.  3 ). When such data are replotted as a cumulative frequency on a probability scale against the logarithm of DNA content a straight line is obtained (Fig.  4a) , the slope of which is a measure of the variance due to inherent experimental errors about the true mean of the measured population. A similar probit transformation of DNA frequency data for either a proliferative diploid or tetraploid tumour population (that is, as shown in Fig. 2a and b) produces a characteristically stepped curve (Fig. 4b) by microdensitometry in the current series. The values so derived are log-normally distributed and may be compared with data obtained for 25 of the biopsies by means of 3H-TdR autoradiography (Fig. 5) . A more detailed analysis of the paired data ( Table) indicated that in six cases the difference may be regarded as significant (P < 005). For all cases, however, the mean difference (1 -2 ± 1.450% confidence limits) was not significant (P > 0 05 t test for paired data)-that is, overall the two methods may be regarded as providing comparable values for the proportion of S-phase cells in cervical tumour biopsies.
Discussion
The observation that the measurement of nuclear DNA content by Feulgen microdensitometry pro- duces a spectrum of frequency distributions with major 'ploidy' values for cervical tumours ranging fron near 2C to 8C or more has been reported by Atkin et al. (1960) . In their series of 124 cervical tumours, however, 45% were classified as near 2C and 530% near 4C with only 2% aneuploid. This contrasts with our series of 59 %, 10 %, and 18 % for diploid, tetraploid, and aneuploid tumours respectively, the remaining 13 % being clearly tumours with a mixed population of proliferative diploid and tetraploid cells (Fig. 2c) . If ploidy is related to clinical spread of tumour (that is, stage) this difference may be a reflection of the relatively higher number of advanced cases so far included in our study.
Though cancer cells often have abnormal karyotypes (Atkin, 1971 ) most still exhibit clearly defined modal chromosomal numbers related to the modal DNA content measured by Feulgen microdensitometry (Atkin et al., 1966 Fig. 2a, b) may be considered homogeneous, or nearly so, in their basic Gi DNA content. Our current experience indicates that only about twothirds of cervical tumours conform to these criteria and therefore may be considered suitable for frequency distribution analysis to determine the proportion of cells in S-phase of the cell cycle. Feulgen microdensitometry, however, would still represent a significant logistical gain over 3H-TdR autoradiography. The latter technique using conventional methods usually required four to eight weeks for isotopic exposure of the emulsion between labelling the specimen and carrying out microscopic analysis. This could be reduced to perhaps a few days by using high specific activity 3H-TdR (Livingston et al., 1974) or possibly even a few hours by rapid histological processing techniques and the incorporation of scintillator in the autoradiographic emulsion (Durie and Salmon, 1975) . But the present microdensitometric technique is relatively simple and may be completed readily within 24 hours of receipt of the laboratory sample. Moreover, it may be further refined and automated by the existing technology of flow cytofluorimetry, provided cell suspensions may be prepared from small solid tumour biopsies-for example, by the use of ultrasonics (Dixon and Hustler, 1976 to the latter, it has been shown that the level of S-phase cells in cervical biopsies is related to the initial and longer term response of the tumours to radiotherapy (Dixon et al., 1977) . In addition cellular kinetic analysis may be used clinically to monitor the effects and choice of cell cycle and phase specific cytotoxic agents (Wannenmacher et al., 1975) . The question of the reliability of quantification by microdensitometric analysis for cervical tumours is answered partly by the present study. The strong correlation between estimates of the S-phase population, measured independently by microdensitometry or 3H-TdR autoradiography, for the same tumour biopsies is suggestive that the two techniques are equally valid. Further support for this conclusion has been obtained recently by Clausen and Lindmo (1976) , who showed that for regenerating mouse skin there was a good correlation between the change in the number of 3H-TdR-labelled epidermal cells and cells with S-phase DNA content measured by flow cytofluorimetry. Further work, however, is required before such techniques are adopted as routine clinically. Firstly, the available methods of frequency distribution analysis range from the simple graphical approach adopted in this study to the use of complex models requiring computer analysis (Dean and Jett, 1974; Baisch et al., 1975; Baisch and Linden, 1975 
